Introduction
Following the World Health Organization recommendation to use basal metabolic rate (BMR) to estimate human energy requirements (FAO/WHO/UNU, 1985) , there has been a renewed interest in BMR measurement and prediction. BMR can be defined as the rate of energy expenditure measured under standard controlled conditions of approximately 12 h of fasting, with the subject awake and resting comfortably, motionless and supine in a thermoneutral environment (FAO/WHO/UNU, 2004; IOM, 2005) . However, in many clinical or epidemiological settings, BMR must be estimated by prediction equations, as calorimeters are not universally available. The current suggested set of equations (FAO, 2004) was derived from a revision of compiled data performed by Schofield (1985) from studies mainly conducted in the first half of the 20th century in samples that were not representative of any specific population. Initially in the tropics (geographic region of the Earth centered on the equator and limited by the Tropic of Cancer in the north and the Tropic of Capricorn in the South and characterized climatically by a dry and a wet season), and more recently in temperate regions (latitudes of the globe that lie between the tropics and the polar circles and characterized by four distinct seasons) (Henry and Rees, 1991; Alfonso-González et al., 2004; St-Onge et al., 2004) , prediction equations have been shown to overestimate BMR (Wahrlich and Anjos, 2001a) . The possible climatic influence on BMR was raised by Almeida (1919 Almeida ( , 1920 who measured BMR in 20 Brazilians living in Rio de Janeiro (Tropics) and showed the values to be 20% lower than North-American men. In a later paper, Almeida (1924) reinforced the climatic hypothesis basing his conclusions on the observation of lower BMR values in Cuban men and women (15.8 and 12.9%) than BMR estimated by the Harris and Benedict (1919) equations (Henry and Rees, 1991) . Later, Galvão (1948) showed that measured BMR in a sample of Brazilians was lower (5-12%) than North-American men of similar body mass (BM). Thus, the idea of lower BMR in tropical populations was based on comparisons between measured and estimated BMR. More recently, Lawrence et al. (1988) have not shown significant differences in measured BMR of women from Scotland, Gambia and Thailand of similar body composition. Similarly, Soares et al. (1993) did not find differences between Indians and North-Americans when BM and age were taken into account. Hayter and Henry (1993) did not find differences in BMR in immigrants to England and native English.
Previously, we have shown the inaccuracy (overestimation of 12.9%) of these prediction equations in groups of Brazilians living in tropical and temperate regions (Wahrlich and Anjos, 2001b) in Brazil. In the present study, we sought to assess whether the equations would work for Brazilians living in a different setting. Thus, in this study we compared predicted and measured BMR of Brazilians living in the Sonoran desert of the Southwestern United States. We hypothesized that the equations would overestimate BMR in Brazilians in the USA.
Materials and methods
Thirty-three volunteers (14 men), 20 years of age or older, were recruited among apparently healthy non-pregnant non-lactating members of an informal Brazilian club in Tucson, Arizona (3217 0 N, 110156 0 W) via an oral presentation of the project. Volunteers were invited to visit the laboratory where all procedures were explained and written consent was obtained. All procedures were approved by the Institutional Review Board of the University of Arizona. The subjects were fully acclimatized to living in Tucson. Median length of living in Tucson was 3 years and 70% of the subjects had lived there for more than 1 year at the time of the study. None of the subjects had any clinical condition or were on any medication that could affect BMR.
BMR was measured using a Deltatrac MBM-100 calorimeter (Sensormedics, Yorba Linda, CA, USA), which was calibrated with a known gas mixture (4% CO 2 , 96% O 2 ) every morning before data collection following the manufacturer's recommended calibration procedure. The volunteers either drove their own car or used public transportation to come to the laboratory immediately after waking early in the morning, after having fasted for 12 h and sleeping for 6-8 h, and with no vigorous exercise or alcohol consumption during the preceding 24 h. On the scheduled day, before starting the BMR measurement, the adherence to the protocol was checked, after which the subject rested for 15 min in the supine position. The canopy of the calorimeter was then adjusted to the subject and gases for estimating BMR were collected for 25 min with the subjects resting quietly. The temperature of the room during measurements was controlled to the subject's comfort (20-261C) and they were monitored to insure they were not sweating or shivering. Minute-by-minute gas exchange (VO 2 and VCO 2 ) data were collected and converted to energy expenditure using the Weir (1949) 
equation and expressed in kJ day

À1
. BMR was calculated as the average energy expenditure over the last 20 min of the collection period.
Anthropometric and body composition measurements were carried out following the BMR measurement with the subject wearing light clothes and no shoes. Stature and BM were measured by a certified technician using standard techniques outlined in the Anthropometric Reference Standardization Manual from the Arlie Conference (Lohman et al., 1988) . Agreement between trials was set at 0.1 kg for BM and 0.1 cm for stature to obtain three valid measures. Mean values of these measures were used in the analyses and to compute the body mass index (BMI) as the ratio between BM (kg) and stature squared (m 2 ). Body composition measures included percent body fat (%BF), fat mass and fat-free mass (FFM) obtained from dualenergy X-ray absorptiometry (DXA) scans, which were performed by an experienced technician using a total body fan beam densitometer (GE/Lunar Prodigy, Madison, WI, USA) according to standard subject positioning and data-acquisition protocols. Scans were analyzed using software version 5.60.003.
BMR was predicted by four equations for comparison with measured BMR: Schofield (1985) , Harris and Benedict (1919) , Rees (1991) and IOM (2005) . These equations are gender specific and were designed for three age groups (18-30 years, 30-60 years and 60 þ years), except for the Henry and Rees (1991) equation for which there are only equations for the first two age groups, and the IOM (2005) and the Harris and Benedict (1919) equations, which include age and height as predictors in the equation. Bias of the predicted BMR values was assessed as predicted minus measured BMR values. Predicted BMR from each equation was compared with measured BMR using paired Student's t-tests. Percentage of difference was calculated as bias/measured BMR Â 100. Absolute measured and predicted BMR as well as bias and % of difference values were compared between gender using unpaired Student's t-tests. BMand FFM-adjusted BMR values were compared between genders using analysis of covariance (ANCOVA). Bland and Altman (1986) analysis was used to assess the agreement between measured and predicted BMR obtained by the various equations. The association of BMR with body size and composition variables was assessed by simple and multiple regression techniques using BMR as the outcome variable and age, BM, stature, BMI, FFM and fat mass as predictors. All analyses were performed using SAS (Statistical Analysis Systems) release 8.02 (SAS Institute Inc., Cary, NC, USA).
Results
Mean age (7 s.d.) was 38.1 (7 11.1) years for the female subjects and 39.0 (7 15.8) years for the male subjects (Table 1) . Overweight (25pBMIo30 kg/m 2 ) was more frequent in men (57%, n ¼ 8) than in women (15.8%, n ¼ 3). Two women and three men were obese (BMIX30 kg/m 2 ). Mean respiratory quotient was 0.8170.07, indicating that the subjects adhered to the protocol. Absolute BMR in men was significantly higher (Po0.0001) compared to women (Table 2 ). When BMR was adjusted for BM (ANCOVA), it was significantly higher in men than in women, whereas no difference between gender was found when BMR was adjusted for FFM (P ¼ 0.37).
Estimated BMRs using all equations were significantly higher than measured BMRs in both men and women (Po0.0001). Greater BMR overestimation occurred for men when using the Schofield equation (17.6%) followed by the Harris and Benedict (16.8%) equations. For women, the Harris and Benedict equations overestimated BMR by 15%, whereas the Schofield equations overestimated BMR by 13.8%.
Bland and Altman analyses indicated that for all equations there was a significant (Po0.01) positive correlation between the mean of the predicted and measured BMR and the biases (Schofield equation ).
Discussion
All prediction equations examined in the present sample of Brazilians overestimated BMR in both men and women with the bias being consistently higher in men, although as a percentage, there was no gender difference. The greatest bias (overestimation) was observed with the equations presently recommended for international use (Schofield, 1985) and the lowest bias occurred with the equations suggested to be used in populations living in the tropics (Henry and Rees, 1991) . The Schofield equations have been reported to be inadequate to predict BMR in many studies, particularly in people living in tropical regions of the world (Henry and Rees, 1991; Piers and Shetty, 1993; Piers et al., 1997) . It has been assumed for many years that people in the tropics have lower BMR values compared to Europeans and North Americans (Schofield, 1985; Henry and Rees, 1991) . During the last century, this premise has been weakened by growing evidence that the BMR of people living in the tropics was similar to BMR of people living elsewhere when body composition was considered (Lawrence et al., 1988; Hayter and Henry, 1993) .
Recently, a study in young Brazilian women using the same methods and instrumentation showed that BMR was not significantly different even though one group lived in the tropics (Niteró i, Rio de Janeiro, at 22153 0 60 00 S; 43106 0 13 00 W; Cruz et al., 1999) and the other below the Tropic of Capricorn in the temperate region of the same country (Porto Alegre, Rio Grande do Sul, at 30101 0 59 00 S; 51113 0 48 00 W; Wahrlich and Anjos, 2001c) . However, the Schofield equation overestimated BMR by 12.9% in both samples of Brazilian women, a value similar to what was found in the present study. Both samples of women living in Brazil had lower than average BMI (21.5 kg m
À2
) and included only young women (20-40 years of age), similar to the present sample, which included only four (21%) older women. There is no recent published data on BMR of Brazilian men. The results of the present study are based on a very limited number of men, most of whom were overweight and therefore these results should be interpreted with caution.
There is some evidence that the Schofield equations are also inadequate to estimate BMR for people living in Europe (Müller et al., 2004) and North America (Alfonso-González et al., 2004) , which suggests problems inherent with the equations, which were derived from a non-representative sample of the population (Hayter and Henry, 1994; Piers et al., 1997) limiting its use for prediction of BMR in different populations. The prediction equations recently proposed in the Dietary Reference Intakes (IOM, 2005) yielded values very similar to the results using the Schofield equations (overestimation of 11.3 and 15.1% for women and men, respectively). The final data set for Schofield's analysis included a disproportionate number of Italians (approximately 50%) who had higher BMR compared with subjects of other nationalities who were also represented in the data set, probably introducing bias in the equations (Hayter and Henry, 1993) . Lorenzo et al. (2001) have recently shown that the Schofield equations adequately estimates BMR of Italian subjects, suggesting that Italians have higher BMR compared to other populations probably because of differences in body composition.
The set of equations proposed by Henry and Rees (1991) were derived from information on BMR available in the literature exclusively from people living in tropical regions. For the present sample of Brazilians, these equations yielded lower BMR values compared to the other equations, but estimated values were still significantly greater than measured BMR. Other studies have also reported that these equations overestimated BMR in adult women from tropical regions (Piers and Shetty, 1993; Cruz et al., 1999) .
The Harris and Benedict equations have been widely used in clinical settings, although their equations were developed in 1919 using techniques that could lead to some degree of discomfort possibly yielding higher BMR values (Clark and Hoffer, 1991) , which could explain, in part, the difference between measured and predicted BMR.
In agreement with the literature (Nielsen et al., 2000; Buchholz et al., 2001 , Müller et al., 2004 , FFM was the best single predictor for the entire sample and for men when analyzed separately from women. Interestingly, FM explained more of the variation in BMR in women than FFM. Other studies have also reported an important relationship between FM and BMR, although sometimes just in men, in women or in both (Nielsen et al., 2000; Buchholz et al., 2001) . These discrepancies can, in part, be due to the different body composition methods used in these studies. When adjusted for FFM, BMR was not significantly different between men and women, a finding also described in the literature (Buchholz et al., 2001) .
In summary, the results of the present study reinforce our previous observation of inadequacy of the predictive equations to estimate BMR in Brazilians living in Brazil. These findings are from studies of small samples, but agree with most of the studies conducted internationally. The errors in predicting BMR by these equations may be related to the original database used to develop the equations (Henry and Rees, 1991) . More reliable measures of BMR are needed worldwide, preferably based on measures of body composition rather than only weight, so that appropriate prediction equations can be developed for international use.
